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"Nucleic acids useful for triggering tumor cell lethality " 

The invention relates to nucleic acids useful as tools for triggering cell lethality 
of tumors submitted to anticancer therapies. 
5 Chemotherapy, radiotherapy, alone or combined together with surgery, are 

essenticQ therapeutic tools against human cancer. 

Ionizing radiation causes direct DNA breaks and triggers cell / tissue death. 
In the past years, many studies have focused on biological mechanisms related to titie 
ionizing radiation response, in order to gain insights into the complexity of 
10 phenomena underlying radio-sensitivy or radio-resistance of tumor cells. The 
understanding of the different pathways which finely regulate ttie response to 
ionizing radiation is an important step to identify molecular targets for new dmgs 
and genetic therapies that, in association v/ith radiotherapy, could improve the 
chance of recovery from tumors highly resistant to radiation, as brain or head and 
15 neck tumors. 

DNA breaks or damages are also observed when submitting tumors to 
chemotherapy treatments. The use of chemotherapeutic agents such as inhibitors of 
topoisomerases, inhibitors of the mitotic spindle, such as Taxol or Nocodasol, 
damaging agents, such as 5-fluoro-uracil or cisplatin, will indirectiy induce said 

20 DNA breaks and damages. 

Among the genes of particular interest to be targeted in combination with 
ionizing radiation are tiiose involved in the regulation of radiation-induced letitality 
mechanisms such as necrosis or apoptosis. Cell death induced by ionizing radiation 
and chemotherapy treatments mostiy depmds on defects in double-strand DNA 

25 breaks (DSB in short) repair. 

Two mechanisms are involved in the repair of these lesions: non homologous 
end-joining (NHEJ) involving proteins such as Ku70 and 80 which recognize and 
bind DSB ends and homologous recombination (HR) (reviewed by Jackson, 2002). 
Targeting genes involved in these two main DSB repair pathways leads to littie or 

30 moderate radiosensitivity depending on the used approaches and cancer cell lines 
(Belenkov et al., 2002; Marangoni et al. 2000; Ohnishi et al., 1998). As the NHEJ and 
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the HR pathways seem to be both involved in the DSB repair in a complementary 
ixianner, according to cell cycle phases, one of the possible explanation of the 
moderate effect obtained even when strong inhibition of protein expression is 
achieved, could reside in a residual repair activity which would partially compensate 
5 the repair defect obtained by targeting one specific repair pathway. 

A recent work reports moderate results obtained in mice bearing human 
tumor xenograft treated with above described Ku 70 antisense (Li et al, 2003). 

Up to now, nothing was proposed to overcome the drawbacks of ihe 
resistance acquired by repeated radiotherapeutic or chemotherapeutic treatments. 

10 The inventors have found that the tumor sensitivity to direct or indirect DNA 

damaging anticancer dierapies can be enhanced by using chemically modified 
double stranded nucleic acid molecules, acting as mimetics of broken DNA 
fragments and recognized as DSB sites induced by tlie DNA damaging treatments, 
but having a non replicative stmcture due said modifications. 

15 An object of the invention is then to provide such double stranded nucleic acid 

fragments, also designated DNA repair induced lethality (DRIL in short) molecules 
in the following. 

Another object of the invention is to provide a new molecular strategy to 
target all repair processes of double strand breaks in human cancer cell/ tissue body, 
20 especially witii a radio-and/ or chemo-resistant phenotype. 

More particularly, the invention aims at providing new DRIL molecules to be 
used in combination witii DNA breaking agent(s) and a method for treating cancer 
combining the tise of said DRIL molecules with a DNA damaging anticancer 
therapies. 

25 Another object of the inv«ition relates to the use of DRIL molecules for 

making anti-tumoral drugs for treating tumors, particularly highly resistant tumors 
to radio*and/or chemotherapies. 

The double stranded nucleic add fragments of the invention comprise 2 
chemically modified backbone of at least 4-1000 bp, preferably 8-500 bp and mo^ 
30 preferably 12-100 bp. 

Said modifications are such that: 
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- the double stranded DRIL molecules are capable of being uptaken by 
cell / tissue body into the cell nucleus; 

- the free ends of the DRIL molecules are recognizable by the DNA 
binding proteins involved in double strand breaks repair and 
damaging signaUing, whereby the DRIL molecules is amenable by 
said enzymes to be incorporated in the tumoral cell genomic DNA; 

- the double sbranded DRIL molecules are stable and resistant to 
nucleases. 

The double-stranded fragments according to the invention have a 
phosphodiester backbone or may comprise other backbone chemical groups or 
mixtures of chemical groups. 

It may also have sugar mimetics such as cydobutyls or other carbocycUcs or 
hexitol in place of the pentofuranosyl group. 

Preferred fragments comprise one or several chemical groups at the end of 
each strand. Preferred chemical groups comprise phosphorothioates. 

Other modified backbones of the invention comprise methylphosphonates, 
phosphoramidates, morpholino nucleic acid, I'-OA'-C methylene/ethylene bridged 
locked nucleic acid, peptide nucleic add (PNA), and short chain alkyl, or cycloalkyl 
intersugar linkages or short chain heteroatomic or heterocydic intrasugar linkages of 
variable length, or any modified nudeotides known by skilled person. 

US patent No. 5,677,437 describes heteroaromatic oligonudeoside linkages. 
Nitrogen linkers or groups containing nitrogen can also be used to prepare 
oUgonudeotide mimics (U.S. Patents No. 5,792,844 and No. 5, 783,682). U.S. Patent 
No. 5,637,684 describes phosphoramidate and phosphorothioamidate oligomeric 
compounds. Also envisioned are oHgonucleotides having morpholino backbone 
structures (U.S. Patent No. 5,034,506). In other embodiments, such as the peptide- 
nudeic add (PNA) backbone, the phophodiester backbone of the oUgonudeotide 
may be replaced with a polyamide backbone, the bases being bound directly or 
indirectiy to the aza nitrogen atoms of the polyamide backbone. Other synthetic 
oHgonudeotides may contain substihated sugar moieties comprising one of the 
foUowing at the 2' position: OH, SH, OCH3, SCH3, F, OCN, OCH2CH2OCH3, 



4 



0(CH2)iiNHa or 0(CH2)nCH3 where n is from 1 to about 10 ; CI to CIO lower alkyl, 
substituted lower alkyl alkaryl or aralkyl ; O ; Br ; CN ; CF3 ; OCFs ; O- ; S- ; or N- 
• alkyl ; or N-alkenyl ; SOCH3 ; SO2CH3 ; ONO2 ; NO2 ; N3 ; NH2 ; 

heterocycloalkyl ; heteroq^doalkaryl ; aminoalkylamino ; polyalkylyamino ; 
5 substitued silyl ; or a group for improving the pharmacodynamic properties of an 
oligonucleotide, and otfier substituents having similar properties. 

The DRIL molecules are essentially based on natural nucleotides either 2'- 
deoxynucleotides or Z'-ribonudeotides and optionally comprise one or several 
modified nudeotides and/ or nudeobases other than adenine, cjrtosine, guanine, 

10 tfiymine and uracil. 

Appropriate nudeobases other than the usual bases are for example C5- 

methylcytosine, pseudoisocytosine, CS-propynylturadl, N7-deazaguarune, N7- 

glycosylated guanine, or alpha anomer. 

The chemically modified DRIL molecules, which will be in the cell in the 
15 tissue or in the body when they are irradiated or breated by chemotherapies, will be 

either incorporated into genomic DNA at the DSB sites, or recognized as DSB sites 

induced by ionizing radiation by cellular DNA repair mechanism as NHEJ or HR. 

Theci, they will be bound by DSB repair proteins, either being integrated into the 

broken chromosomes or saturating the repair system. 
20 According to an embodiment of the invention, said DRIL molecules further 

comprise at least one embedded element whidi hampers DNA replication or repair 

process. 

Said non-replicable element(s) can be incorporated at the internal position or 
at the end of the double-stranded fragment. It (they) may comprise: 
25 a) a unit which cannot be used as a template for DNA replication, such as a 
polyethyleneglycol chain, preferably a hexaethyleneglycol chairv or any 
hydrocarbon chain, eventually interrupted and/ or substituted by one or more 
heteroatoms e.g. oxygen, sulfur, nitrogen, or heterogroups comprising one or 
more of these heteroatoms; 
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b) a unit which is a blocking element as it is not amenable by DNA polymerases 
or exonudeases, such as any 3'-modified nucleotides, or other ones known by 
skilled person; 

c) a native oligonucleotide, such as Trv when used in the loop of an hairpin 
5 fragment 

The DRIL molecules of the invention can be formed by hybridizing two 
substantially complementary strands or by folding of a single strand (hairpin 
formation), or by any method of DNA amplification foUowed by chemical 
modification. 

10 Said strands are made by chemical S3a:ithesis or by molecular biology. 

The experiments carried out in cell culture and xenografted tumors on nude 
mice have shown that said DBOL molectiles trigger ceU/ tissue lethaHty of tumors 
submitted to a radio-and/or chemotherapy. 

The invention thus also relates to adjuvant compositions to be used in 
15 association with a DNA breaking treatment, said compositions comprising a DRIL 
molecule such as above defined, in combination with a pharmaceutically acceptable 
carrier, in an efBcient amount to be introduced in the tumoral cell genome. 

The invention also relates to a melhod for promoting tumor sensibility to 
anticancer therapies which comprises, in association, 

20 - introducing into tumor cell/ tissue a nucleic acid fragment such as above defined, 
and 

- inducing in cells, DNA breakage by a DNA damaging method. 

Advantageously, said method comprises coupling the treatment with DRIL 
molecules with a double chemotherapy. For example 5-FU and CPT 11 are injected 

25 together 3 times, 3 consecutive days, spaced by a full week of rest. Alternatively the 
treatment with DRIL molecules is coupled with radiotherapy. The protocol may 
comprise administration of DRIL molecules several hours before irradiation^ for 
example 5 hours, and 3 times a week, a total dose of irradiation corresponding to 30 
Gy over 6 weeks of treatments. The use of a fractionated irradiation is particularly 

30 efficient 
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In a preferred embodiment, the DRIL molecules are chemically modified DRIL 
molecules such as above defined. 

In anotihier embodiment, the DRIL molecules are not chemically modified and 
correspond to native NA fragments, but exhibit the characteristics of chemically 
5 modified fragments, particularly have the number of base pairs and properties 
defined with respect to said chemically modified DRIL molecules. 

More particularly DNA strand breakage is achieved by ioiuzed radiation 
(radiotherapy) or chemical reaction (chemotherapy). 

Sudi a method is a new ttierapeutic adjuvant in conjimction with DNA 
10 damaging therapies to tumors. 

The invention also relates to the use of said non-chemically modified DRIL 
molecules for making anti-tumoral drugs for treating tumors, particularly highly 
resistant tumors to radio-and/or chemotherapies, said drugs being used in 
association with a DNA breaking treatment, partioilarly radiotherapy or 
15 chemotherapy. 

In vivo, the chemically modified or non-modified DRIL molecules are 
administered by any appropriate route such as oral, or intravenous, or intratumoral 
administration, or sub-cutaneous injections^ or others. 

Others characteristics and advantages of the invention will be given in the 
20 following examples, with reference to figures 1 and 2: 

- Figure 1 illustrates DRIL molecules used according to the invention and gives the 
clonogenical survival after transf ection and irradiation of different DRIL molecules at 
83 nM corresponding to 1 |ig of DNA for 2x10^ cells; and 

- Figure 2 gives tiie relative tumor growth as the median of the VtrVo ratio (Vt = 
25 median tumor volume on a given day during the treatment and Vo is the mean 

tumor volume at the beginning of the treatment). 

Examples 

Example 1: Design of DRIL molecules according to the invention 
30 A 32-bp double helix was taken as a basic imit of DREL molecules in the 

experiments disclosed hereinafter. 



The following sequence (abbreviated as 32) was chosen 
S'-ACGCACGGGTGTTGGGTCGTTTGTTCGGATCT-S' 
3'-TGCGTGCCCACAACCCAGCAAACAAGCCTAGA-5' 

Linear and hairpin DNA fragments were designed and are schematized on 
figure 1 where the rectangle = 32-bp DNA fragment and vertical black bar "PEG 
Example 2: Assay in cell culture _ 

The DRIL molecules have been tested in vitro in combination with fractionated 
gamma irradiatioA, tising a radio-resistant htunan cancer cell line derived £rom a 
female cervix carcinoma (HeLa). 

Transfection of HeLa cells was achieved using a new class of activated- 
dendrimer reagent (SuperFect) which has been currenily used in tfie past few years 
for its low cytotoxicity and high transfection efficiency in mammalian cell lines. 24 
hours after seeding plating, cells were exposed to SuperFect-DRIL complexes during 
8 hours and irradiated with 4 fraction of 0.5 Gy given each two hours. Then cells are 
washed and left in normal medium for 16 hours before seeding for clonogenical 
survival assay. 

The fractionated irradiation has been privileged insofar as the totality of 
clinical protocols involving radiodierapy relay on fractionation of Hie total dose to 
minimize toxic effects of ionizing radiation, y-irradiation was delivered by a ^^"^Cs 
soxurce at a dose rate of 0.97 Gy/mn. 

In figure 1 the radiation sensitivity is represented as survival fraction at4 x 0.5 
Gy plotted for various DRIL molecules transfected at 83 nM (corresponding to 1 ng 
of DNA for 2.105 cells plated 24 hours before). The DRIL molecules used differ for 
size (from 16 to 64 bp) and chemical structure modification: polyethylenglycol chain 
(PEG) at one ore two extremities of the molecules, or inside (DRIL 64 PEG), amines 
or Ti loops. 

The percent of survival of not transfected HeLa cells is about 60%. Some DRIL 
molecules, like DRIL 16 or DRIL 32 carrying PEG at the two sides, did not sensitize 
HeLa cells. By contrast cells transfected witii DRIL 32 and 64 PEG showed a 
significant increase in radiation sensitivity (between 30% and 40% of survival after 
irradiation). 
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Example 3: Assay in animal model 

In vivo studies were carried out on female athymic nude mice bearing human 
- tumor xenograft obtained by subcutaneous injection of HEP2 cells in the right flank. 
The tumor size was measured twice a week and tumor volimie was estimated 
5 from two dimensional tumor measurements by the formulae: 
tumor volume = length (mm) X width^ (mm2)/2 

The DRIL 32 PEG, associated with the transfectant reagent Superfect* has 
been tested. Mice were injected with 20 jxg of DRIL mixed with a ratio 1/5 of 
Superfect*. Two protocols of irradiation were compared: two fractionated schema 
10 with 3x2 Gy or 5 x 1 Gy per week delivered locally using a conformational system. 
The total dose delivered was 30 Gy over six weeks of treatment. The intra-tumoral 
injection is made 5 hours before irradiation and 3 times per week. 
Six groups with six mice per group were formed: 

• group A: non injected, non irradiated 
15 • group B: injected, non irradiated 

• group C: non injected, irradiated: 3x2 Gy 

• group D: non injected, irradiated: 1x5 Gy 

• group E: kqected, irradiated: 3 x 2 Gy 

• group F: injected, irradiated: 1 x 5 Gy 

20 In figure 2, relative tumor growtii in each group is expressed as the median of the 

VfcVo ratio (where Vt is title median tumor volume on a given day during the 
treatment and Vo is the mean tumor volume at the beginning of the treatment). 
Tumor growA delays have been adjusted with exponential fit and errors bars are not 
shown for clarity- 

25 The in xnvo experiments clearly show that injection of DRIL 32 PEG (group B) 
has no effect on ttunor progression per se, if compared to control mice (group A). By 
contrast when the DRIL treatment is combined to fractionated irradiation (groups E 
and F), tumor growth is strongly delayed whm compared to mice treated with 
irradiation alone (groups C and D), demonstrating synergistic antitumor effect of the 

30 combined treatment. 
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Moreover, the absence of apparent toxicity observed in mice, when injected 
locally with DRIL molecules, shows that this treatment can delay tumor growth or 
• even arrest tumor progression, without damaging normal tissues or organs. 

5 Example 4: Additional experiments 

The experiments were repeated with the DRIL 32 PEG without Superfect and give 
similar results, indicating that the DRIL does not require Surpefect to act. 

An assay of coupling DRIL treatment administered by feeding with a double 
chemotherapy (5FU and CPT 11) injected to K-ras -/Ape mice together 3 times, 3 
10 consecutive days spaced by a full week of rest, shows no toxic effect of the 
association (mouse kill/R-ras and Apx 163 8N). 

In the absence of chemotherapy treatment, or after double chemotherapy alone 
the mice die at age of 6-7 months due to the development of spontaneous intestinal 
cancers. On the contrary, when the mice are feeded by DRIL fragment compositions 
15 of the invention and submitted to the same double chemotherapy, no death is 
observed after 9 months. 
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1. DNA repair induced lethality molecules molecules comprising a chemically 
modified backbone of at least 4-1000 bp, preferably 8-500 bp, and most preferably 12- 
100 bp. 

2. Molecules according to claim 1, having a phosphodiester backbone. 

3. Molecules according to claim 1 or 2, further comprising sugar mimetics such 
as cyclobutyls or other carbocyclics or hexitol in place of the pentofuranosyl group. 

4. Molecules according to any one of claims 1 to 3, further comprising one or 
several chemical groups at the end of each strand. 

5. MolecTiles according to claim 4, comprising one several phosphorotiiioates 
at the end of eadh strand. 

6. Molecules according to anyone of claims 1 to 5, wherein said backbone 
comprise methylphosphonates, phosphoramidates, morpholino nucleic add, 2'-0,4'- 
C methylene/ethylene bridged locked nucleic acid, peptide nucleic acid (PNA), and 
short chain alkyl, or cycloalkyl intersugar linkages or short chain heteroatomic or 
heterocyclic intrasugar linkages of variable length. 

7. Molecules according to any one of the preceding claims, wherein the 
fragments are based on natural nucleotides, either 2'-deoxynucleotides or 2'- 
ribonucleotides, and optionally comprise one or several modified nucleotides and/ or 
nudeobases other than adenine, cytosine, guanine, thymine and uracil. 

8. Molecules according to daim 7, wherein said nudeobases are selected in the 
group comprising C5-methylcytosine, pseudoisocytosine, C5-propynyluracil, N7- 
deazaguanine, N7-glycosylated guanine, or alpha anomer. 

9. Molecules according to any one of the preceding claims, further comprising 
at least one embedded element, which hampers DNA replication or repair process, 
said element(s) being incorporated in the center or at the end of the double-stranded 
molecules. 

10. Molecules according to daim 9, comprising 

- a) a polyethyleneglycol chain, preferably a hexaethyleneglycol chain, or any 
hydrocarbon chain, eventually interrupted and/ or substituted by one or more 
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heteroatoms e.g. oxygen, sulfur, nitrogen, or heterogroups comprising one or more of 
tihese heteroatoms; 

- b) a unit which is a blocking element as it is not amenable by DNA polymerases 
or exonucleases, such as any 3 -modified nucleotides, 
5 • c) a native oligonucleotide, such as Tn, when used in the loop of an hairpin 

fragment. 

11. Adjuvant compositions to be used in association with a DNA breaking 
treatment, particularly radiotherapy or chemotherapy, said compositions comprising 
at least one DNA repair induced lethality molecule such as defined in any one of 

10 claims 1 to 10, in combination with a pharmaceutically acceptable carrier, in an 
efficient amoimt to be introduced in the tumor cell. 

12. Adjuvant compositions according to claim 11, wherein said DNA repair 
induced lethality molecules are administered by any appropriate route such as oral, 
or intravenous, or intratumoral administration, or sub-cutaneous injections. 

15 13. The use in association with a DNA breaking treatment, particularly 

radiotherapy or chemotherapy, of native double stranded nucleic acid fragments for 
making antitumoral drugs for treating tumors, particularly highly resistant tumors to 
radio-and/or chemotherapies. 
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"Nucleic acids useful for triggering tumor cell lethality" 



ABSTRACT 

The invention relate to double stranded nucleic acid fragments comprising a 
chemically modified backbone and at least 4-1000 bp, preferably 8-500 bp, and most 

preferably 12-100 bp. 

Application as adjuvant compositions to be used in association with a DNA 
breaking treatment, particularly radiotherapy or chemotherapy, in combination with 
a pharmaceutically acceptable carrier, in an efficient amount to be introduced in the 
tumoral cell nuclei in order to trigger DNA repair induced lethaKty (DRIL in short) 
of tumoral cells / tissues. 



1/2 



Clonogenic cell survival after 
transfection and irradiation 



0.8 




DRIL 64 PEG 



DRIL 32 PEG 



DRIL 24 PEG 



DRIL 16 PEG 



DRIL 32 T4 



DRIL 32 NH2 



DRIL 32 PEG 2 sides 



NH2 
NH2 



a 



Figure 1 



2/2 . 



Median ratios of volume (vol. of day x / vol. of day 0) 



1200 



1000 



S 

s 
s 

s 

> 

u 
o 

B 



800. 



600 . 



400. 



200. 




No Irr. no inj. 
No Irr-i-DRIL 



X 2 Gy No Inj. 
1 XSGyNolnj. 



1 X 5 Gy +D RIL 



3X2Gy+D RIL 



days 



Figure 2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

1^ BLACK BORDERS 

1^ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 
Q'^^WED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

INES OR MARKS ON ORIGINAL DOCUMENT 
P^FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



